Introduction
A considerable amount of evidence exists to demonstrate the interrelationship between muscle metabolism, porcine stress susceptibility (SS) and pale, soft, exudative (PSE) meat (Symposium, 1971) . Muscle metabolism is the summation of the activities of the individual myofibers which comprise the muscle. Since myofibers exhibit a certain differentiation and diversity of their metabolic activities it has been proposed that changes in muscle metabolism are related to changes in the proportions of different histochemical types of myofibers comprising the muscle. Cooper, Cassens and Briskey (1969) proposed that muscles of SS animals had an increase in their proportion of intermediate type myofibers while Dildey etal. (1970) and Merkel (1971) proposed that the PSE condition was associated with an increase in the proportion of white myofibers.
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In a recent symposium (Cassens, Giesler and Kolb, 1972) , a heterogeneous group of pigs exhibiting various degrees of the SS condition was used for demonstration purposes. This report describes the postmortem myofiber histochemistry of those animals and evaluates the proposals concerning changes in myofiber populations.
Materials and Methods
Experimental animals are described in table 1. They were grouped into three categories (stress resistant, SR; moderately SS; extremely SS) on the basis of antemortem tests and observations and on their postmortem muscle condition (data of D. Marple and G. Eikelenboom, to be published).
From animals which survived stress treatment (treadmill running and simulated trucking) or were not stressed, samples of the longissimus were taken at the time of exsanguination (zero time samples) and at approximately 20 min. postmortem (postmortem samples). From two animals which died as a result of their extreme SS condition and stress applied to them, samples were taken approximately 45 and 75 rain. postmortem.
Serial frozen sections (10/a, transverse) were reacted for diphosphopyridine nucleotide tetrazolium reductase (DPNH-TR), amylophosphorylase and adenosine triphosphatase (ATPase) (incubated at pH 9.4) by the procedures of Engel and Brooke (1967) . Serial sections were also stained with Sudan black B in propylene glycol. Serial sections were also fixed in 10% buffered formalin at pit 7.4 for 24 hr. at 4 C and stained for glycogen with the PAS reaction (Hale, 1965 ) the reagents for this reaction being prepared by the sulfur dioxide method. After sectioning, 0.5 g samples were taken from tissue blocks of zero time samples and first postmortem samples of animals 1 and 2. After extraction by boiling with 30% potassium hydroxide, glycogen content was determined from the optical density when mixed with phenol and sulfuric acid (DuBois et al. ,1956): Glycogen content from zero time samples and first postmortem samples from animals 1 and 2 showed a range from 1.6 #g/g (animal 1) to 19.5/ag/g (animal 6). Appropriate PAS reacted sections were examined in ascending order of their biochemically determined glycogen content and a close correspondence was found between known glycogen content and the number of myofibers with PAS stained sarcoplasm. This was regarded as an indication that the glycogen staining technique was reliable for determining relative differences between samples. Corresponding areas of serial sections from the various histochemical procedures were photographed and 35 mm color transparencies (Kodachrome 11 P) were projected (x400). Serial sections were projected simultaneously to aid in the histochemical description of individual myofibers. Minimum myofiber diameters and frequencies of types of myofibers were recorded from postmortem samples and 75-min. postmortem samples of animals 1 and 2.
Observations
Approximately 150 myofibers from each animal were characterized on the basis of their histochemical reactions. Myofibers with a large number of particles (presumably mitochondria) stained in the DPNH-TR reaction and with a large number of sudanophilic particles were classified as red (type 1 samples, myofibers with a high glycogen content often had a large number of purple stained granules distributed evenly or in wavey patterns (figure 2). All intrafusal myofibers that were observed had a strong PAS reaction even when most extrafusal myofibers had a negative PAS reaction. In unstressed animals ( reaction, many white and intermediate myofibers were apparently devoid of stainable glycogen. The two animals in the moderately SS group which had proportions of red, intermediate and white myofibers similar to SR animals either had unusually large numbers of red myofibers (19) or intermediate myofibers (23) with a positive PAS reaction. In stressed animals (table 5), SR animals had a moderate proportion of myofibers with a positive PAS reaction, SS animals which survived had a high proportion, and SS animals which did not survive had a low proportion.
Phosphorylase Reaction. Except in the two already dead animals (I, 2), the phosphorylase reaction in postmortem samples was either equal to, or more intense than, the reaction in zero time samples. In animals 1 and 2, little phosphorylase reaction was found in the first samples and none in the second samples. The few myofibers which retained their phosphorylase activity also had a positive PAS reaction. An obvious relationship between the intensity of the phosphorylase reaction and the intensity of the PAS reaction was found in most myofibers. The use of color transparencies enabled myofibers with phosphorylase activity (blue or purple) to be distinguished from myofibers without phosphorylase but with a high content of iodine stained natural glycogen (brown). This discrimination was not possible with black and white photographic prints. Two animals (19, 23) which had previously been found to differ from other moderately SS animals, were distinguished by the conspicuous brown staining of most of their red and Extreme   24  50  73  67  37  23  67  78  100  52  19  71  87  67  63  18  82  48  62  97   26  87  41  100  99  25  93  70  100  100  6  94  72  100  100  17 99 95 100 100 ATPase. Postmortem samples exhibited an ATPase reactivity equal to or less than zero time samples. In all animals except animal 2, white and intermediate myofibers had an equally intense reaction (brown) and red myofibers had a less intense reaction (pale brown). Animal 2 showed a marked differentiation between ATPase positive (dark brown) and ATPase negative (colorless) myofibers. In some fasciculi the centrally located myofibers were positive while in other fasciculi the positive myofibers had no special location.
Central Staining Patterns. Five animals had occasional myofibers (usually red or intermediate) with a central area reacting strongly for glycogen, phosphorylase and DPNH-TR (figures 3, 4 and 5). These were found in both SS and SR animals and in both stressed and unstressed animals (zero time and postmortem samples of animal 1, zero time samples of animals 2 and 7, and postmortem samples of animals 3 and 17).
Discussion
The eventual loss of PAS stainable glycogen (late postmortem samples of stressed stress susceptible animals) is probably due to the depletion of glycogen by glycogenolysis, especially since residual glycogen is not usually detectable histochemically (Zugibe, 1970) . The postmortem increase in stainability of glycogen is less easy to explain. Possible explanations are that, with postmortem samples, less glycogen is lost during the oxidative step of the procedure or that there is a change in the number or nature of PAS reacting sites on the glycogen molecule during glycogenolysis. The increased postmortem reactivity of phosphorylase might be due to its increased histochemical reactivity at lower pH (Takeuchi and Kuriaki, 1955) . The often observed close relationship between the with central staining, intensities of PAS and phosphorylase reactions ~probably reflects the dependency of the histochemical phosphorylase reaction on naturally occurring glycogen (Martin and Engel, 1972) . The close ultrastructural relationship between glycogen and phosphorylase (Meyer et al., 1970) explains why distribution patterns of each within the myofiber were closely related. Wavey patterns of glycogen and phosphorylase distribution could be an indication that postmortem glycogenolysis does not occur at the same rate throughout the myofiber. Alternatively, wavey patterns might be an illusion created by sectioning the disrupted or out-ofregister myofibrils typical of postmortem porcine muscle (Muir, 1970) . The central staining patterns with DPNH-TR, PAS and phosphorylase might be caused by abnormal or regenerating myofibers. In muscles of SS Pietrain pigs regenerating myofibers have been observed with a myotube type of structure (Muir, 1970) . In some mammals (Goldstein, 1971 ) red myofibers are characterized by a negative PAS reaction. The situation in the porcine longissimus is, however, more complex. The initial enhancement then loss of the PAS reaction probably resulting from glycogenolysis parallels the results of physiological stimulation. Edstr6m and Kugelberg (1968) (1970) and Merkel (1971) were confirmed. SS animals were observed to have either an increase in the proportion of intermediate myofibers or else an increase in the proportion of white myofibers. Two animals did not conform to these generalizations (animals 19 and 23). Possibly their possession of myofibers high in glycogen butwith little or no demonstrable phosphorylase is an indication of yet another histochemical symptom of the SS or PSE conditions. Since myofiber histochemistry is neurally regulated (Guth, 1968) , the involvement of the motor nervous system in the SS condition (Swatland and Cassens, 1972) is indicated. However, at this time, it is not possible to determine whether this involvement is causal or secondary. As well as quantitative changes in populations of different types of myofibers, it is important to recognize a qualitative histochemical feature related to the SS condition. In extremely SS animals, not only were there increased numbers of glycolytic type myofibers, but almost all intermediate and white myofibers were PAS positive (table 4) . This was not observed in the moderately SS animals.
